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Recent Advances in Finline
SLOAN D. ROBERTSON~

Summarg-Detailed studies of transmission properties of the
Mine coupler have revealed existence of certain phenomena which
adversely affect the transmission characteristics. A discussion of the

origin and successful elimination of such effects is described.

New applications for the finline coupler have been found in the

design of hybrid junctions, twists and bends in multimode wave-

guide, and other polarization selective devices.

The paper concludes with a presentation of theoretical and ex-
perimental results in the application of finline tectilques to low-pass

microwave tilters.

w ITH THE demand for ever wider frequency

bands in microwave communication systems,

it is evident that means for broadbanding

~,arious circuit elements must be found. Fin]ille tech.

niques already offer the means of accomplishing this in

several devices and may be expected to be of use in

others.

Some finline circuits are capable of operating over

at least a three-to-one frequency range. One of these, the

basic finline coupler, announced last year, 1 is shown in

Fig. 1. It consi~ts of a length of c~rcular waveguide
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Fig. l—Finline coupler.

fitted with a pair of diametrically opposite, thin metal

fins which taper in from the outer wall of the guide until

their opposing edges are separated by a narrow gap or

slot at the center. Thus, substantially all of the energy

associated with the electric iield Efl (where the subscript

@ denotes that the vector is parallel to the plane of the

fins) is transformed from the dominant mode of propaga-

tion in the circular waveguide to a finline mode in which

the energy is largely confined to the gap and its im-

mediate vicinity. This energy may then be removed

from the circular guide by curving the finline and bring-

ing it out through a small hole in the side wall. It may

then be launched into another waveguide as shown,

* Manuscript received by the PGMTT, July 16, 1956. Presented
before the National Symposium on Microwave Techniques, Phila-
delphia, Pa., Febrnary 2-3, 1956.

T Goodyear Aircraft Corp., Litchfield Park, Ariz.
1 S. D. Robertson, “The ultra-bandwidth finline coupler, ” PROC.

IRE, vol. 4.3, pp. 739-741; June, 1955.
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On the other hand, a wave characterized by the trans-

verse field ET will pass on through the guide, relatively

undisturbed by the presence of the fins, and will emerge

as ET’.

One can readily see that the finline coupler offers a

means whereby it is possible to separate two waves

perpendicularly polarized to one another. The fact

that this is done with smooth tapers several wavelengths

long suggests that the coupler ought to work over very

wide bands. Such has been found to be the case.

If only one wave is present in the guide, it is found

that one may abstract any desired proportion of its

energy by simply rotating the coupler about: its axis so

that the plane of the fins makes an angle with respect

to the plane of polarization of the wave. The abstracted

field will then be proportional to the cosine of the angle.
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Fig. 2—Transmission ~haracteristics of a coupler having
the dimensions shown.

Fig. 2 shows a plot of the transmission losses from

Ep to E. for a coupler having the dimensions shown in

the lower part of the figure. It will be observed that, for

the most part, the losses are less than one db over the

entire range of frequencies from 3.75 to 12.0 kmc. Over

most of this range the losses are only a few tenths of a

db. The losses encountered by the transverse mode in

going from ET to ET’ are less than 0.1 db, and are not

plotted in the figure.

MODE RESONANCES IN THE FINLINE COUPLER

Recent detailed transmission measurements on the

finline coupler have uncovered several sharp peaks in
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Fig. 3—Half-cylinder mode resonant loss peaks
in the 4 kmc band.

the transmission loss curves which have not been ob-

served in the earlier measurements of Fig. 1. A sample

transmission loss curve showing two of these peaks in

the 4 kmc band is shown in Fig. 3. It will be noted that

the higher frequency peak is much smaller than the

lower frequency one. In fact, careful measurements

with swept frequency oscillators covering the bands

between 5.8 and 6.6 kmc and also between 10.5 and 12.1

kmc have not shown any of these sharp peaks at all.

Studies have shown that these loss peaks are due to

the excitation of a dominant mode in each of the half-

cylinders separated by the fin. The field configurations

of these dominant modes are sketched in the end view

of the coupler in Fig. 4. The dominant modes are very
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Fig. 4—Geometry of half-cylinder resonant modes.

likely generated in the vicinity of the curved portion of

the finline. The geometry causes them to be 180° out

of phase in the two half-cylinders. After being launched,

the modes are propagated in both directions along the

guide. Those propagated to the right soon encounter

the edge of the fin and are reflected, since the vectors

in each half-cylinder are out of phase and cancel beyond

the fin edge. Likewise, the waves propagated to the left

ultimately reach a point where the fin separation d is

sufficient to permit the vectors to cancel and reflect the

waves. If the spacing x between these two reflecting

points is an integral number of half wavelengths, the

sections will resonate and will absorb some of the useful

power from the finline. This is believed to be the origin

of the loss peaks in the curve.

These peaks will not all be equally objectionable. If

the point where the finline launches the half-cylinder

modes is at a position in the standing wave pattern of

the resonant section where there is a favorable coupling

between the finline and the resonant modes, the loss

peaks may be rather high. At other frequencies the

coupling may be unfavorable and the loss peaks may

be low or even negligible. The absence of these peaks at

the higher frequencies is possibly due to two factors.

The increase of the electrical length of the tapers with

frequency results in a better impedance match between

the guide and the finline gap and lowers the coupling

to the half-cylinder modes, On the other hand, increased

ohmic losses at the higher frequencies v-ould be expected

to dampen the resonant peaks.

The identification of the loss peaks of Fig. 3 with half-

cylinder mode resonances was easily confiqned. It was

found that the locations of the peaks could be shifted

by extending the back edge of the lower fin by a distance

6 as shown in Fig. 4. With the fin extended, the length

of the resonant chamber becomes x+8, and at resonance

it must include an integral number of guide half-wave-

lengths.

x -f- 8 = lfAg/2. (1)

With the well-known relation between & and the cut-off

frequency ~,, (1) can be solved for the resonant fre-

quency.

j = [n%’+ 4f.’(% + 6) ’] ’/’/2(z + 8). (2)

Observations of the shift in resonant frequency for three

different, known values of ~ made it possible to solve

for the three unknowns x, n, and j’c. For the coupler of

Fig. 2, x is found to be 27.6 cm, n is 3 for the 3.92 kmc

peak, and ~~ is 3.54 kmc. The latter is slightly higher

than the theoretical cut-off frequency of 3.47 kmc

for the half-cylinder mode in 2 inch diameter guide.

This is due to the reduction in half-cylinder cross sec-

tion caused by the thickness of fins. It is perhaps of

interest that the fin separation d at the jeft-hand re-

flection point is about 62 per cent of the waveguide

diameter.

Resonant peaks have been successfully eliminated by

introducing loss at a point where it can absorb energy

from the half-cylinder dominant modes. Fig. .5 shows the

results of one experiment in which this was done. A 12,5

ohm per square resistive strip was placed in the plane

of the fin adjacent to the right-hand edge. This strip

absorbs energy from the half-cylinder modes which

would be reflected at this point and kill the resonances.

Since it lies in an equipotential plane of the transverse

mode, the resistive strip will have little effect upon the

transmission from ET to ET’.

APPLICATIONS OF FINLINE COUPLERS

Fig. 6 shows how two finline couplers maybe arranged

to form a hybrid junction. When the planes of the fins

are inclined at an angle of 45 degrees, as shown in the
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figure, one obtains a 3 db hybrid. A wave entering at El

passes through the left-hand (coupler without modificat-

ion. Upon entering the second coupler, however, it is

split into two equal components, one of which emerges

at Ea, and the other emerges at Ed. Likewise, a wave

entering Ea travels through the frrst coupler and is split

by the second coupler into two equal components. De-

grees of coupling other than 3 db may be obtained by

inclining the fins at angles o~:her than 45 degrees.
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F is. 5—Elimination of mode resonances.

Fig. (,—Ultra-broadband hybrid junction using
two finline {couplers.

Fig. 7 shows another appii:ation of firrliue techniques

to form a flexible waveguide joint or bend. As seen in

the figure, the device comprises input and output wave-

guide sections containing 8-irlch long tapers for match-

ing in and out of the flexible fhline section between. The

fins in this case are exposed to free space in the region

between the waveguide sectic)ns. It has been found that,

for the device show-n, the transmission losses are reasona-

bly low in the 4 kmc band even when the flexible fins

are bent or twisted. Lower losses are obtained by placing

a sheet of dielectric between the fins in the exposed por-

tion of the path. .Ipparently the action of the dielectric

in confining the fields more closely to the gap, thereby

reducing the radiation losses, exceeds the added dissipa-

tion due to the dielectric. The dielectric has been tapered

at the ends for purposes of impedance matching. In the

lower part of the figure a curve of the insertion loss over

the 4 kmc frequency band i:s plotted. The joint can be

bent or twisted through angles of as much as 45 degrees

without substantial change i n the transrnission losses.
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Fig. 7—Flexible fmline bend or twist. CLLnre

shows loss vs freq~lency.

It has been suggested that four finline couplers can

be combined as shown in Fig. 8 to form a broad-band,

right-angled, waveguide bend. The figure is of a model

and is for illustrative purposes only. The large wooden

cylinders represent hollow metal waveguides, and the

brass strips represent finlines. It can be seen that the

vertical component of a wave entering the lower wave-

guide will be collected by a finline coupler and will

emerge through the side of the guide along the finline

path shown and can then be launched into the upper

waveguide by means of another coupler. Similarly, the

Fig. 8—Model showing the arrangement of four finline couplers in a
broad-band, right angle bend in circular waveguide.

horizontal component of the input wave will be collected

by the horizontal coupler and will then be launched into

the upper guide. It will be noticed that the arrangement

possesses complete symmetry, and that the path

lengths traveled by the two components are equal.

Hence, there will be no phase difference between the

two components as they emerge from the upper guide.

Such a bend is expected to operate over the same broad

frequency band over which the individual couplers

have been found to operate.
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FINLINE FILTERS

With finline techniques it has been found possible to

design frequency filters using the ordinary lumped-

circuit theory that is used in low-frequency filter de-

sign. Analogs have been found which correspond to the

series or shunt inductors and capacitors required for

building up conventional n- or T networks. Some of these

analogs are shown in Fig. 9. It is seen that the finline

equivalents for series inductance and shunt capacitance

are quite simple, consisting only of a slot less than i/4

in depth for the former, and a short tab protruding into

the gap for the latter.

L L
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FINLINE FILTER T– SECTION

Fig. 9—The equivalence between a Mine circuit
and a low-pass T section.

Evidently, with a series inductor and a shunt capaci-

tor, one may design a low-pass, T-section filter having

a specified iterative impedance ZO, a cut-off frequency

f,, and a frequency of infinite attenuation fw correspond-

ing to the frequency at which the series slots become

antiresonant,

The standard low-pass T-section design equations are

j. = l/7r(Lc)l/’ (3)

and

z, = (L/c) ’/’[l – (f/jC)’]’/’. (4)

In the usual filter, L and C are both constants. In the

present case, however, C is a constant, but L varies with

frequency according to the relation

L = (Zo’/m~) tan @ (5)

where B = 2n-f/c and ZO’ is the characteristic impedance

of the stub lines. Since L is a function off, the value for

f. in (3) also varies with f. This means that, at any

particular frequency below the true cut-off frequency,

f. in (3) gives the apparent cut-off frequency for the

particular value of L then prevailing. The true cut-off

f.’ is the particular value of fc defining the point where

ZO passes from a real to an imaginary value.

The variation of L with f leads to a similar difficulty

in (4) in that ZO approaches zero as the frequency de-

creases. This can be evaded, however, in the micro~%,ave

case since the frequencies of interest w-ill not approach

zero but will have a lower bound defined by the low-

frequency cutoff of the tinline waveguide itself. The

problem may be resolved quite easily by defining the

lowest operating frequency of interest jl and designing

the filter so that it will exhibit the correct value of .ZO

at that frequency.

If f.’ is substituted for f in (3) and (5), one may com-

bine these equations and solve for C. Likewise, if f, is

substituted for fin (4) and (5), one may obtain a second

expression for C. If the equations for C are then equated

one obtains

2.’2 = jlZ02/ [f.’ tan fi,’1 – fl tan ~11] tan f?J (6)

where f?.’ = 2n-fc’/c and & = 2rfl/c.

It will be apparent that, having speciiied values for

f,, ZO,f,’, and f~, one may immediate> obtain 1 = c/4f*,

and then ZO’ the characteristic impedance of the stub

line, from (6). The shunt capacitance C is given by

C = l/7rjc’ZO’ tan Be’l. (7)

Finally, it is necessary to determine the slot widths

d and w to produce the required line impedances ZO and

2.’, respectively, and to compute the spacing between

the stubs and the fin spacing in this region to establish

the value of C.

S. P. Morganz has dervied formulas for the character-

istic impedance of a finline contained in a. circular wave-

guide of a given radius. Numerical ~-alues have been

obtained for the case of a circular guide oi one inch radi-

us with 1/16 inch thick tins separated b}- a gap spacing

equal to d. For this particular fin thickness and for gaps

ranging in value from 0.005 inch to 0.032 inch the char-

acteristic impedance has been found to be given approxi-

mately by the formula,

20 = 8d2\x (din roils). (8)

For finlines operating at frequencies iar above cut-

off, it is assumed that the characteristic impedance de-

pends primarily upon the fin thickness and the gap

spacing, and that it is relatively independent of the size

or shape of the outer waveguide enwhpe. If this is

true, one may use the above formula for calculating the

required slot widths d and w in a finline filter irrespec-

tive of the form of the outer shell.

In order to test the general aspects of the theory, an

experiment a filter has been designed and constructed.

The specified parameters were Z.= 45.5 ohms, fl = 3.0

kmc, fc’ =8.5 kmc, and ~~= 11.05 kmc. The computed

quantities were 2.’ = 25.4 ohms, C = 5.5X 10–13 farads,

d= O.0135 inch, W= O.0056 inch, and 1=0,268 inch. The

spacing between the stubs and the fin spacing in this

j Unpublished work.
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region, required to establish C’, were cornputeclusingthe

parallel plate expression for capacitance and making due

allowance for fringing. These dimensions are shown in

Fig. 11.

The varia~ion of iterative impedance with frequency

for this filter design has been computed and is shown in

the curve of Fig. 10. It will be noted that the impedance

is quite constant from 3 to 7 kmc. The impedance of a

simple T-section filter, whose inductance L is constant

with frequenc~-, drops off much more rapidly with fre-

quency than the curve given in the figure. The latter

has more cd the shape characteristic of the m-derived

sections of filter theory.

II lc
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Fig. 10—fTariation of the theoretical iterative impedance
of a finline filter with frequency.

.h experimental filter was built in conformity with

the above design. Details of the filter are shown in Fig.

11. The fins mere mounted in a section of 1 inch X2

inches rectangular waveguide. The ends of the fins, al-

though not shown in the figure, were tapered in order to

pro~ide an impedance match to the waveguide.

The measured loss as a function of the frequency is

shown in the lcw-er part of the figure. The dotted por-

tions of the cur~’e represent frequencies which were

not within the range of the measuring equipment used.

Evidently the. lumped-circuit design theory is capable

of giving reasonably good results.

The results of these experiments show that it is pos-

sible to use fin]ine techniques in building microwave

fi!ters. It is thought that a more detailed study of
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FREQUENCY IN KILOMEGACYCLES PEF( SE ICONO

Fig. 1 l—Experimental transmission characl eristics
of a finline filter.

these techniques will lead to refinements resulting in

filters having lower losses and probably {sharper cutoffs

than those measured with the exploratory model de-

scribed here. Higher discriminations can probably be

obtained by using several T sections in tandem,

The principles outlined here may possibly be applied

to other wide-band microwave circuits such as equal-

izers, impedance transforming networks, etc.

CONCLUSION

.4pparentl y finline techniques offer the means of

designing certain microwave circuit components which

will operate over much wider frequency bands than

heretofore possible with standard components. It is

thought likely that refinements and extensions of this

work will lead to improved performance and unfold

new applications of finline techniques.
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